A previous investigation was carried out concerning the isolation of bacteria and fungi having ability to decompose cholesterol from different cholesterol-rich sources. Streptomyces fradiae was identified as the most potent degrading isolate. In a trail to increase the cholesterol decomposing potentiality of S. fradiae, low intensity Nd-YAG laser irradiation was evaluated. The exposure of the chlorophyllin-photosensitized bacterium to 210 mW Ne-YAG laser for 8 min induced significant increase in cholesterol degrading activity reaching 73.8% as compared with 54.2% in the case of non-irradiated, non-photosensitized culture. The optimization of environmental conditions and nutritional factors of the irradiated bacterium was carried out and aimed to maximize cholesterol decomposition. The following optimas were recorded for irradiated and non-irradiated S. fradiae: substrate concentration 1-1.5 as compared to 1.0 g/l; yeast extract, 4-6 as compared to 5-6 g/l; magnesium nitrate and ammonium nitrate as nitrogen source for both bacteria; glucose concentration, 10-20 as compared to 10 g/l; incubation period, 6 days for both; incubation temperature, 30-35
Introduction
The major role of cholesterol in pathological process is as a factor in the genesis of atherosclerosis of vital arteries causing cerebrovascular, coronary and peripheral vascular diseases [39] .
Many bacteria have been described to degrade some steroid molecules such as cholesterol and its derivatives [4, 28, 13, 45, 12] . The bacterial species involved in such degradation include lactic acid bacteria [37, 40, 24] , Bifidobacterium bifidum [16] , Bacillus licheniformis [9] , Rhodococcus equi [11, 10, 46] and Mycobacterium tuberculosis [7] .
Radiation was tried to enhance the activity of microbial enzymes [42, 14, 33] . Low intensity laser radiation with wavelength of 400-600 nm brought about accelerated cell division in various microorganisms and enhanced protein synthesis [6] . Gewelly et al. [15] reported enhancement of xylanase production on irradiation of 7.3 mW He-Ne laser irradiated Aspergillus terreus in the presence of crystal violet, toluidine blue O and hematoporphyrin as photosensitizers.
The optimization of the environmental and nutritional factors was the initial avenue pursuing the enhancement of cholesterol decomposition by microorganisms and cholesterol oxidase activity. The factors include substrate concentration [27] , incubation temperature [35] , pH [10, 21] , shaking [31] and activators and inhibitors [18] .
This research is the continuation of previous work carried out by the authors [29, 30] . In this part, the optimization of environmental and nutritional factors of the Nd-YAG laser irradiated Streptomyces fradiae was performed and aimed to induce maximum cholesterol degrading activity of the irradiated culture.
Materials and methods

Media used for bacterial isolation
The cholesterol-degrading bacteria were isolated using the medium described by [4] . It consists of (g/l): NH 4 NO 3 , 1.0; K 2 HPO 4 , 0.25; MgSO 4 ·7H 2 O, 0.25; yeast extract, 5; FeSO 4 ·7H 2 O, 0.001; cholesterol, 1.0; agar-agar, 15 . The medium with agar but without carbon source (cholesterol) was sterilized separately. The recovered colonies were purified by subculturing on the same cholesterol medium and incubated at 30 • C for 5 days. The purified bacterium was subcultured on slants and then kept in the refrigerator.
Quantitative determination of cholesterol decomposition by S. fradiae
S. fradiae was assayed for their cholesterol degrading activity. One ml bacterial suspension (10 7 -10 8 bacterial cells/ml) was incubated with 150 ml of the corresponding cholesterol medium described before for 7 days at 30 • C under stationary condition. At the end of the incubation time, the percentage of cholesterol reduction was measured according to the colorimetric method of acetic anhydride/sulphuric acid [34, 38] 
Photosensitizers
The photosensitizer used in this research was chlorophyllin (Sigma), used at a concentration of 0.5 mg/ml and was incubated with the test bacterium for 5 min before irradiation.
Bacterium treatment
The test bacterium was grown on plates containing the cholesterol medium and incubated at 30 • C for 5 days. Bacterial suspension (10 7 -10 8 cells/ml) was prepared and incubated with the photosensitizers for 5 min at room temperature before irradiation. A photosensitizerfree sample was used for comparison. The samples were then irradiated with Ne-YAG laser for 8 min. The irradiated bacterial suspension was inoculated into 100 ml of the cholesterol medium [4] . After 7 days of incubation at 30 • C, the bacterial cells were separated by centrifugation at 3000 rpm. The decomposition of cholesterol (mg/100 ml) was determined in the medium as stated before.
Environmental conditions and nutritional factors influencing the activity of cholesterol-degrading enzymes
Liquid growth media were prepared and supplemented with the following concentrations of cholesterol (g/l); 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0, or 1, 5, 10, 15, 20, 25, 30, 35, 40, 45, and Gomori [17] . The buffers applied were citrate, citrate phosphate, phosphate, tris, and borate buffers. The test shaking speeds were 0, 40, 80, 120, 150, 200, 250 and 300 rpm.
The pH was adjusted to 7.0-7.2, before sterilization. After sterilization, each flask was inoculated with standardized 1.0 ml bacterial suspension (10 7 -10 8 bacterial cells/ml) and incubated at 30 • C. By the end of incubation period, cholesterol decomposition was determined. A set of triplicate flasks were used for each particular case.
Statistical analyses
All data were subjected to statistical analyses of variance (F-test) "one way ANOV" [5] .
Results
Optimization of nutritional factors
Cholesterol concentration
For non-irradiated S. fradiae, the results indicate that the amount of decomposed cholesterol increases with elevating cholesterol concentration from 0.1 up to 1.0 mg/100 ml., then decreased with increasing concentration. Nd-YAG laser irradiated bacterium showed similar trend but could keep its maximum activity (73.8 and 72.8% cholesterol decomposition) within a broader range of cholesterol concentrations (1.0-1.5 mg/100 ml, respectively) ( Fig. 1) .
It is noticed that the concentration of 4.5 mg/100 ml induced complete inhibition of growth for non-irradiated culture, while the irradiated one showed slight cholesterol decomposition reaching 17.5%. A cholesterol concentration of 5% prevented the bacterial growth of non-irradiated and radiated bacteria. Fig. 2 indicates that the percentage cholesterol decomposition of S. fradiae increased gradually with increasing the concentration of yeast extract and reached its maximum value (62.6%) at the concentration of 6 g/l in the case of non-irradiated culture. For irradiated bacterium, the maximum cholesterol decomposition (73.8-75.3%) was occurred at 5-6 g/l of yeast extract. At higher concentrations of yeast extract (9 and 10 g/l), the ability of cholesterol decomposition was sharply declined and became insignificantly varied in the case of non-irradiated and irradiated bacteria.
Yeast concentration
Nitrogen source
It is evident that the irradiated culture was more active in cholesterol decomposition than non-irradiated one under different sources of nitrogen (Fig. 3) . Magnesium nitrate and ammonium nitrate were the most suitable nitrogen sources for cholesterol decomposition in the case of the non-irradiated S. fradiae (60.8 and 39.3%, respectively). For irradiated culture, magnesium nitrate was the best nitrogen inducing cholesterol decomposition (81.2%). This nitrogen source was followed by ammonium nitrate (73.8%), peptone (61.3%) and ammonium chloride (55.5%). There was insignificant difference in cholesterol decomposition between nonirradiated and irradiated S. fradiae grown on potassium nitrate, sodium nitrate, ammonium acetate, ammonium sulfate, ammonium formate and ammonium carbonate. Fig. 4 reveals that addition of glucose concentration up to 10 g/l to the growth medium enhanced the cholesterol degrading activity in the case of non-irradiated and irradiated S. fradiae reaching 65.8 and 85.1% as compared with 59.3 and 73.8%, respectively in the case of glucose-free medium.
Glucose concentration
The elevation of glucose concentration from 10 g/l up to 20 g/l caused a slight decrease in cholesterol decomposition for the non-treated culture in contrast to the irradiated one which kept its activity. The decrease in cholesterol degrading activity of non-irradiated culture was more than that of non-irradiated one. The higher glucose concentrations (>25 g/l) was inhibitory for cholesterol decomposition of both non-irradiated and irradiated bacteria. The non-irradiated S. fradiae failed to grow on the growth medium provided with 50 g/l. 
Metallic ions
The most suitable metallic ions for cholesterol degrading activity of non-irradiated and radiated S. fradiae was MgSO 4 followed by CaCl 2 (59.3 and 73.8%, respectively for MgSO 4 and 53.9 and 61.3%, respectively for CaCl 2 ). NiCl 2 , BaCl 2 and CdSO 4 , and ZnSo 4 induced moderate activity for non-treated and treated bacteria. HgCl 2 and CuSO 4 were toxic for the tested bacterium (Fig. 5) .
Optimization of environmental factors
Incubation period
In this experiment and those ahead, the optimal medium composition for the production of maximum cholesterol activity by S. fradiae was adjusted according to the experiments previously carried out. Fig. 6 shows that the maximum decomposition of cholesterol was significantly achieved by the end of the sixth and seventh day of incubation, in the case of non-irradiated and irradiated bacteria, respectively. The percentage of cholesterol decomposition amounted 70.5 and 85.1% at the end of incubation period in the case of non-irradiated and irradiated culture, respectively. Generally, the decomposition of cholesterol, at any incubation time, by the irradiated S. fradiae significantly exceeded that recorded by non-irradiated culture.
Incubation temperature
As shown in Fig. 7 , the cholesterol decomposition significantly increased by increasing incubation temperature from 10 up to 30 • C, reaching 59.3 and 73.8 at 30 • C, then the cholesterol decomposing activity began to decrease with the elevation of temperature. The non- irradiated S. fradiae failed to grow at 50 • C, while the lethal temperature for the irradiated one was 55 • C.
pH
The neutral medium (pH 7.0) was the most favourable in decomposing cholesterol by non-irradiated and irradiated bacteria (Fig. 8) . Shifting towards acidic or alkaline sides markedly decreased the activity of non-irradiated and irradiated S. fradiae. The moderate alkaline pHs (8.0 and 9.0) was better than the corresponding acidic ones (6.0 and 5.0). Both non-irradiated and irradiated bacteria failed to grow on the extremely acidic pH (pHs 2 and 3), while at the extremist alkaline medium (pH 11), the non-irradiated and radiated bacteria could decompose small amount of cholesterol recording 12.1 and 15.8%, respectively. Yet, the cholesterol decomposing activity of Nd-YAG irradiated S. fradiae was mostly better than the corresponding activity of the non-irradiated one with broader optimum pH peak of activity (pHs 7-8). Fig. 9 shows that shaking culture up to 80 rpm induced significant increase in cholesterol decomposition reaching 78.7 and 88.5% at 80 rpm in the case of non-irradiated and radiated species. The maximum peak of the cholesterol decomposing activity of the radiated S. fradiae (86.2-88.6%) was recorded in a range of shaking speed from 40 to 150 rpm. Increasing shaking speed after 150 rpm induced steady decrease in cholesterol degrading activity of irradiated S. fradiae attaining 46.9 and 22.9% at 200 and 300 rpm, respectively. However, the maximum degrading activity of cholesterol by nonirradiated S. fradiae was obtained at 80 rpm reaching 77.5% as compared with 73.8% for the stand culture. There was a gradual decrease in cholesterol degrading activity of the non-irradiated S. fradiae with the increase of shaking speed over 80 rpm.
Shaking speed
Discussion
For optimization of cholesterol-degrading activity of the non-irradiated and Nd-YAG laser irradiated S. fradiae, a series of experiments was carried out. Concerning the effect of substrate concentration, the maximum cholesterol degrading activity was evident at cholesterol concentration of 1.0 and 1-1.5 g/l for non-irradiated and irradiated bacterium, respectively. However, the potentiality of degrading cholesterol was higher in the case of irradiated S. fradiae (73.8%) as compared to the non-irradiated one (59.3%). The cholesterol degrading activity by non-irradiated and irradiated bacterium significantly decrease on increasing the concentration of cholesterol up to 4.0 g/l and the test bacterial species failed to grow on media containing 4.5 and 5.0 g/l in the case of non-irradiated and irradiated S. fradiae, respectively. So, it appears that the low concentration of cholesterol (1.5-2.5 g/l) is more suitable than the higher concentration (>3.0 g/l). These results are matching with those reported by Imshenetskii et al. [19] who found that the higher concentrations of cholesterol were decomposed more slowly than low concentration by cholesterol oxidase from Steptomyces lavendulae.
It has been reported that the optimal concentration of cholesterol for the most efficient enzyme production varies with the strain. Arthrobacter simplex [25] Bacillus subtilis SFF34 [23] and R. equi [44] could produce the maximal level of cholesterol oxidase in the presence of 0.3, 0.05, 0.2 and 0.1% cholesterol, respectively. The maximal levels of cholesterol oxidase production have been reported to be 1.50 U ml −1 by A. simplex [26] , 3.14 U ml −1 by Bacillus subtilis SFF34 [23] and 0.29 U ml −1 by Rhodococcus sp. [31] .
The present results indicate that the cholesterol degrading activity reached the maximum values at 5-6 and 4-6 g/l yeast extract in the case of non-irradiated and irradiated S. fradiae, respectively. This indicates the ability of irradiated bacteria to exhibit cholesterol degrading activity under wider range of yeast extract concentration. Moreover, the cholesterolytic activity was significantly higher in the case of irradiated S. fradiae. This may be due to the more stimulatory effect of yeast extract on the synthesis of cholesterol-decomposing enzyme(s) produced by the irradiated bacterium. Aihara et al. [2] used a medium with 0.5% yeast extract for maximum production of cholesterol oxidase enzyme by three Rhodococcus strains. Voets and Lamot [41] in their study on microbial degradation of cholesterol, reported that addition of small amounts of yeast extract stimulated growth and cholesterol decomposing activity, but addition of higher concentrations of yeast extract decreased cholesterol breakdown by the experimental microorganisms.
The present work also revealed that the irradiated S. fradiae was mostly more active in cholesterol decomposition than non-irradiated one under different sources of nitrogen. Magnesium nitrate and ammonium nitrate was the most suitable nitrogen sources for the non-irradiated and radiated S. fradiae. Although the suitability of magnesium nitrate and ammonium nitrate as nitrogen sources for the production of cholesterol oxidase enzyme by bacteria was proved formerly by Kim et al. [23] , however, Zhukova and Kozlova [48] reported earlier that 0.3% asparagines and 0.05-0.07% glutamine were the best nitrogen sources for growth and cholesterol decomposition by Flavobacterium strain and Actinomyces streptomycini, respectively.
It has been reported that the supplementation of glucose to the growth medium enhances the cholesterolytic activity of the bacteria [23] . The results revealed that addition of glucose concentration up to 10 and 10-20 g/l to the growth medium enhanced the cholesterol degrading activity in the case of non-irradiated and irradiated bacteria reaching 65.8% and 85.1% as compared with 59.3 and 73.8% in the case of glucose-free medium for non-irradiated and irradiated bacteria, respectively. The elevation of glucose concentration to more than 25 g/l was inhibitory for cholesterol decomposition of both non-irradiated and irradiated bacterial species. The cholesterol-degrading activity of irradiated S. fradiae showed wider maximal peak over a wider range of glucose concentration as compared with the non-irradiated bacterium. The stimulation of the cholesterol degrading activity of irradiated S. fradiae indicates that cholesterol oxidase production by irradiated bacteria may be regulated by carbon catabolic repression.
The most suitable metallic ions for cholesterol degrading activity of non-irradiated and radiated S. fradiae was MgSO 4 followed by CaCl 2 (59.3 and 73.8%, respectively for MgSO 4 and 53.9 and 61.3%, respectively for CaCl 2 ). NiCl 2 , BaCl 2 and CdSO 4 induced low activity for non-treated and treated bacteria. HgCl 2 and CuSO 4 were toxic for the tested bacterium. Sabry [36] found that MgSO 4 followed by ZnSO 4 were the most stimulatory ions for enzymes recovered from Pseudonocardia compacta. He stated that the maximum activity was attained at 100 g MgSO 4 /ml, while relative maximum activity was induced by ZnSO 4 at 50 g/ml. Ammar et al. [3] reported that Mg ++ is the best inducer for exo-enzyme at 250 g/ml and for endo-enzyme at 100 g/ml, while Cd ++ , Co ++ , Ba ++ and Ca ++ were considered as enzyme inhibitors.
The incubation period is an important factor that must be considered. Since the production of cholesteroldecomposing enzyme is related to internal biosynthetic processes inside the organism, theses processes are quite complicated, so certain enzymes could be subjected to alteration with the incubation period. In this research, the maximum decomposition of cholesterol by nonirradiated and Nd-YAG irradiated bacteria was detected at the end of the sixth days. The percentage of cholesterol decomposition, on the sixth day, amounted 82.8 in the case irradiated S. fradiae as compared to 66.9% in the case of non-irradiated one. Generally, the decomposition of cholesterol, at any incubation time, by the irradiated S. fradiae significantly exceeded that recorded by non-irradiated bacterium.
Several investigators indicated different incubation periods for different microorganisms. Abo-El-Khair [1] reported that the cholesterol decomposing activity of Mycobacterium fortuitum increased rapidly during the first three days of incubation followed by insignificant variations with extension of incubation up to 10 days. It can be mentioned here that the process of cholesterol decomposition by microorganisms occurs during 6 days for Streptomyces spp. [32] and 43 hr. for the most active strains of Actinomycetes [47] . Watanabe et al. [43] reported that most Rhodococcus strains complete the cholesterol degradation during 3-7 days incubation period.
The present results indicated that the maximum cholesterol decomposition by irradiated bacterium was achieved at wider range of temperature (30) (31) (32) (33) (34) (35) • C) reaching 73.8-71.7% as compared to 59.3% in the case of non-irradiated bacterium incubated at 30 • C. The non-irradiated S. fradiae was more susceptible to higher temperature and failed to grow at 50 • C as compared to 55 • C, in the case of irradiated bacteria. It is also obvious that, at any incubation temperature, the cholesterol decomposing activity of irradiated S. fradiae exceeds the corresponding activity of the non-irradiated one.
The optimum incubation temperature for cholesterol decomposition varies in different microorganisms. Johnson and Somkuti [20] found that egg yolk cholesterol degradation by R. equi 33706 had an optimum temperature of 40 • C. Chang et al. [10] found that degradation of pure cholesterol or egg cholesterol by R. equi 12859, isolated from butter, was best at 45 • C.
The maximum cholesterol decomposing activity by irradiated S. fradiae was attained at pH 7-8 as compared to pH 7 for non-irradiated bacterium. The shifting of pH away from the optimum steadily decrease the cholesterol decomposing activity of non-irradiated and irradiated S. fradiae. It is noticed that, at any pH, the cholesterol decomposing activity of Nd-YAG irradiated S. fradiae was mostly better than the corresponding activity of the non-irradiated one. Buckland et al. [8] found that pH 6.7 ± 0.2 is the optimum pH for the same enzyme produced by Nocardia sp. Chang et al. [10] found that degradation of pure cholesterol or egg cholesterol by R. equi 12859 was best at pH 7.5.
The reached results in this research indicated that shaking culture from 40 to 150 rpm kept the maximum peak of the cholesterol decomposing activity of the irradiated S. fradiae as compared to 40-120 rpm for the non-irradiated bacterium. However, the maximum cholesterol decomposing activity of the non-irradiated S. fradiae was achieved at 80 rpm. Increasing shaking speed, after 80 and 150 rpm, induced steady decrease in cholesterol degrading activity of non-irradiated and irradiated S. fradiae, respectively. The increase in production of cholesterol decomposing enzyme on shaking culture as compared with stationary one, might be due to the increase in aeration rate and consequently increase in the dissolved oxygen. Based on this assumption, it is concluded that the irradiated S. fradiae could induce maximum cholesterol decomposing activity in presence of a limited oxygen concentration as compared to the non-irradiated one. In this connection, Kapat et al. [22] determined the dissolved oxygen concentration and the volumetric oxygen transfer coefficient at corresponding combinations of impeller speed and aeration rate. They found that the maximal specific extracellular glucose oxidase production (3.17 U mg −1 dry cell mass) was achieved when the initial dissolved oxygen concentration was 6.83 mg −1 at the impeller speed of 420 rev min −1 and the rate of aeration of 0.25 vvm.
